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TITLE OF THE INVENTION 

ANTAGONISTS OF GONADOTROPIN RELEASING HORMONE 

BACKGROUND OF THE INVENTION 
5 The gonadotropin-releasing hormone (GnRH), also referred 

to as luteinizing hormone-releasing hormone (LHRH), is a decapeptide 
that plays a key role in human reproduction. The hormone is released 
from the hypothalamus and acts on the pituitary gland to stimulate the 
biosynthesis and secretion of luteinizing hormone (LH) and follicle- 

10 stimulating hormone (FSH). LH released from the pituitary gland is 

primarily responsible for the regulation of gonadal steroid production in 
both sexes, whereas FSH regulates spermatogenesis in males and 
follicular development in females. GnRH agonists and antagonists have 
proven effective in the treatment of certain conditions which require 

15 inhibition of LH/FSH release. In particular, GnRH-based therapies 

have proven effective in the treatment of endometriosis, uterine fibroids, 
polycystic ovarian disease, precocious puberty and several gonadal 
steroid-dependent neoplasia, most notably cancers of the prostate, breast 
and ovary. GnRH agonists and antagonists have also been utilized in 

20 various assisted fertilization techniques and have been investigated as a 
potential contraceptive in both men and women. They have also shown 
possible utility in the treatment of pituitary gonadotrophe adenomas, 
sleep disorders such as sleep apnea, irritable bowel syndrome, 
premenstrual syndrome, benign prostatic hyperplasia, hirsutism, as 

25 an adjunct to growth hormone therapy in growth hormone deficient 
children, and in murine models of lupus. The compounds of the 
invention may also be used in combination with bisphosphonates 
(bisphosphonic acids) and other agents, such as growth hormone 
secretagogues, for the treatment and the prevention of disturbances of 

30 calcium, phosphate and bone metabolism, in particular, for the 

prevention of bone loss during therapy with the GnRH antagonist, and 
in combination with estrogens, progesterones, antiestrogens, 
antiprogestins and/or androgens for the prevention or treatment of bone 
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loss or hypogonadal symptoms such as hot flashes during therapy with 
the GnRH antagonist. 

Additionally, a compound of the present invention may be 
co-administered with a 5a-reductase 2 inhibitor, such as finasteride or 
5 epristeride; a 5a-reductase 1 inhibitor such as 4,7b-dimethyl-4-aza-5a- 
cholestan-3-one, 3-oxo-4-aza-4,7b-dimethyl-16b-(4-chlorophenoxy)-5a- 
androstane, and 3-oxo-4-aza-4,7b-dimethyl-16b-(phenoxy)-5a-androstane 
as disclosed in WO 93/23420 and WO 95/11254; dual inhibitors of 5a- 
reductase 1 and 5a-reductase 2 such as 3-oxo-4-aza-17b-(2,5- 

10 trifluoromethylphenyl-carbamoyl)-5a-androstane as disclosed in WO 
95/07927; antiandrogens such as flutamide, casodex and cyproterone 
acetate, and alpha-1 blockers such as prazosin, terazosin, doxazosin, 
tamsulosin, and alfuzosin. 

Further, a compound of the present invention may be 

15 used in combination with growth hormone, growth hormone releasing 
hormone or growth hormone secretagogues, to delay puberty in growth 
hormone deficient children, which will allow them to continue to gain 
height before fusion of the epiphyses and cessation of growth at puberty. 

Further, a compound of the present invention may be used 

20 in combination or co-administered with a compound having luteinizing 
hormone releasing activity such as a peptide or natural hormone or 
analog thereof. Such peptide compounds include leuprorelin, 
gonadorelin, buserelin, triptorelin, goserelin, nafarelin, histrelin, 
deslorelin, meterlin and recirelin. 

25 Additionally, a compound of the present invention may be 

used as described in U.S. Patent No. 5,824,286 which discloses the 
administration of peptide GnRH antagonists such as Antide and azaline 
B to premenopausal women to enhance the readability of 
mammographic film relative to a mammogram effected in the absence 

30 of the administration. 

Current GnRH antagonists are GnRH-like decapeptides 
which are generally administered intravenously or subcutaneously 
presumably because of negligible oral activity. These have amino 
acid substitutions usually at positions one, two, three, six and ten. 
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Non-peptide GnRH antagonists offer the possible 
advantage of oral adminstration. Non-peptide GnRH antagonists have 
been described in European Application 0 219 292 and in De, B. et al., 
J. Med. Chem., 32, 2036-2038 (1989), in WO 95/28405, WO 95/29900 and 
5 EP 0679642 all to Takeda Chemical Industries, Ltd. 

Substituted indoles known in the art include those 
described in the following patents and patent applications. US Patent 
No. 5,030,640 discloses alpha-heterocyclic ethanol aminoalkyl indoles 
which are potent B-agonists. US Patent No. 4,544,663 discloses 

10 indolamine derivatives which are allegedly useful as male anti-fertility 
agents. WO 90/05721 discloses alpha-amino-indole-3-acetic acids useful 
as anti-diabetic, anti-obesity and anti-atherosclerotic agents. French 
patent 2,181,559 discloses indole derivatives with sedative, neuroleptic, 
analgesic, hypotensive, antiserotonin and adrenolytic activity. Belgian 

15 patent 879381 discloses 3-aminoalkyl-lH-indole-5-thioamide and 
carboxamide derivatives as cardiovascular agents used to treat 
hypertension, Raynaud's disease and migraine. U.S. Patent Nos. 
5,756,507, 5,780,437 and 5,849,764 also disclose substituted arylindoles as 
non-peptide antagonists of GnRH. 

20 

SUMMARY OF THE INVENTION 

The present invention relates to compounds which are 
non-peptide antagonists of GnRH which can be used to treat a variety of 
sex-hormone related conditions in men and women, to methods for their 

25 preparation, and to methods and pharmaceutical compositions 
containing said compounds for use in mammals. 

Because of their activity as antagonists of the hormone 
GnRH, the compounds of the present invention are useful to treat a 
variety of sex-hormone related conditions in both men and women. 

30 These conditions include endometriosis, uterine fibroids, polycystic 
ovarian disease, hirsutism, precocious puberty, gonadal steroid- 
dependent neoplasias such as cancers of the prostate, breast and 
ovary, gonadotrophe pituitary adenomas, sleep apnea, irritable bowel 
syndrome, premenstrual syndrome and benign prostatic hypertophy. 
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They are also useful as an adjunct to treatment of growth hormone 
deficiency and short stature, and for the treatment of systemic lupus 
erythematosis. Further, the compounds of the invention may be useful 
in in vitro fertilization and as contraceptives. The compounds may also 
5 be useful in combination with androgens, estrogens, progesterones, 
antiestrogens and antiprogestogens for the treatment of endometriosis, 
fibroids and in contraception. They may also be useful in combination 
with testosterone or other androgens or antiprogestogens in men as 
a contraceptive. The compounds may also be used in combination 

10 with an angiotensin-converting enzyme inhibitor such as Enalapril 
or Captopril, an angiotensin II-receptor antagonist such as Losartan 
or a renin inhibitor for the treatment of uterine fibroids. Additionally, 
the compounds of the invention may also be used in combination with 
bisphosphonates (bisphosphonic acids) and other agents, for the 

15 treatment and the prevention of disturbances of calcium, phosphate and 
bone metabolism, in particular, for the prevention of bone loss during 
therapy with the GnRH antagonist, and in combination with estrogens, 
progesterones and/or androgens for the prevention or treatment of bone 
loss or hypogonadal symptoms such as hot flashes during therapy with 

20 the GnRH antagonist. 

Additionally, a compound of the present invention may be 
co-administered with a 5a-reductase 2 inhibitor, such as finasteride or 
epristeride; a 5a-reductase 1 inhibitor such as 4,7b-chmethyl-4-aza-5a- 
cholestan-3-one, 3-oxo-4-aza-4,7b-dimethyl-16b-(4-chlorophenoxy)-5a- 

25 androstane, and 3-oxo-4-aza-4,7b-dimethyl-16b-(phenoxy)-5a-androstane 
as disclosed in WO 93/23420 and WO 95/11254; dual inhibitors of 5a- 
reductase 1 and 5a-reductase 2 such as 3-oxo-4-aza-17b-(2,5- 
trifluoromethylphenyl-carbamoyl)-5a-androstane as disclosed in 
WO 95/07927; antiandrogens such as flutamide, casodex and cyproterone 

30 acetate, and alpha- 1 blockers such as prazosin, terazosin, doxazosin, 
tamsulosin, and alfuzosin. 

Further, a compound of the present invention may be 
used in combination with growth hormone, growth hormone releasing 
hormone or growth hormone secretagogues, to delay puberty in growth 
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hormone deficient children, which will allow them to continue to gain 
height before fusion of the epiphyses and cessation of growth at puberty. 

Further, a compound of the present invention may be used 
in combination or co-administered with a compound having luteinizing 
5 hormone releasing activity such as a peptide or natural hormone or 
analog thereof. Such peptide compounds include leuprorelin, 
gonadorelin, buserelin, triptorelin, goserelin, nafarelin, histrelin, 
deslorelin, meterlin and recirelin. 

Additionally, a compound of the present invention may be 
10 used as described in U.S. Patent No. 5,824,286 which discloses the 

administration of peptide GnRH antagonists such as Antide and azaline 
B to premenopausal women to enhance the readability of 
mammographic film relative to a mammogram effected in the absence 
of the administration. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to compounds of the general 

formula 



20 




wherein 

A is C1-C6 alkyl, substituted C1-C6 alkyl, C3-C7 cycloalkyl, 

substituted C3-C7 cycloalkyl, C3-C6 alkenyl, substituted 
25 C3-C6 alkenyl, C3-C6 alkynyl, substituted C3-C6 alkynyl, 

C1-C6 alkoxy, or C0-C5 alkyl-S(0) n -Co-C5 alkyl, C0-C5 alkyl- 
O-C0-C5 alkyl, C0-C5 alkyl-NRi8-Co-C5 alkyl where Ris and 
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the C0-C5 alkyl can be joined to form a ring, 
;N-(CH 2 ) P - 



Rl6 , or a single bond. 

RO is hydrogen, C1-C6 alkyl, substituted C1-C6 alkyl, wherein 

the substituents are as defined below; aryl, substituted aryl, 
aralkyl or substituted aralkyl, wherein the substituents are 
as defined for R3, R4 and R5. 



Rl is 
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the nitrogen atoms contained in the Ri heteroaromatic rings may exist 

either as drawn or, when chemically allowed, in their 

oxidized (N->0) state; 
R2 is hydrogen, C1-C6 alkyl, substituted C1-C6 alkyl, aralkyl, 

5 substituted aralkyl, aryl, substituted aryl, alkyl -ORn, 

Ci-C6(NRnRi2), Ci-C6(CONRnRi2) or C(NRnRi2)NH; 
R2 and A taken together form a ring of 5-7 atoms; 
R3, R4 and R5 are independently hydrogen, C1-C6 alkyl, substituted 

C1-C6 alkyl, C2-C6 alkenyl, substituted C2-C6 alkenyl, CN, 
10 nitro, C1-C3 perfluoroalkyl, C1-C3 perfluoroalkoxy, aryl, 

substituted aryl, aralkyl, substituted aralkyl, RllO(CH2)p-, 

RllC(0)0(CH2) p -, RllOC(0)(CH2) p -, -(CH2)pS(0) n Rl7, 

-(CH2)pC(0)NRnRi2 or halogen; wherein R17 is hydrogen, 

C1-C6 alkyl, C1-C3 perfluoroalkyl, aryl or substituted aryl; 
15 R3 and R4 taken together form a carbocyclic ring of 3-7 carbon atoms or a 

heterocyclic ring containing 1-3 heteroatoms selected from 

N, O and S; 

R6 is hydrogen, C1-C6 alkyl, substituted C1-C6 alkyl, aryl, 

substituted aryl, C1-C3 perfluoroalkyl, CN, NO2, halogen, 
20 RllO(CH2) p -, NRi2C(0)Rn, NRi2C(0)NRnRi2 or SO n Rn; 

R7 is hydrogen, C1-C6 alkyl, or substituted C1-C6 alkyl, unless X 

is hydrogen or halogen, then R7 is absent; 
R8 is hydrogen, C(0)OR9, C(0)NRnRi2, NR11R12, C(0)Rn, 
NRi2C(0)Rn, NRi2C(0)NRnRi2, NRi2S(C»2Rll, 
25 NRi2S(0)2NRnRi2, OC(0)Rn, OC(0)NRnRi2, ORn, 

SO n Rll, S(0) n NRnRi2, C1-C6 alkyl or substituted C1-C6 
alkyl, unless X is hydrogen or halogen, then Rs is absent; or 
R7 and Rs taken together form a carbocyclic ring of 3-7 atoms; 
R9 and Rg a are independently hydrogen, C1-C6 alkyl, substituted C1-C6 
30 alkyl; aryl or substituted aryl, aralkyl or substituted aralkyl 

when m*0; or 

O 

R9 and R9a taken together form a carbocyclic ring of 3-7 atoms or " 
when m*0; 
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R9 and A taken together form a heterocyclic ring containing 3-7 carbon 

atoms and one or more heteroatoms when m*0; or 
RlO and RiOa are independently hydrogen, C1-C6 alkyl, substituted 
C1-C6 alkyl, aryl, substituted aryl, aralkyl or substituted 
5 aralkyl; or 

O 

RlO and RiOa taken together form a carbocyclic ring of 3-7 atoms or " ; 
R9 and Rio taken together form a carbocyclic ring of 3-7 carbon atoms or 

a heterocyclic ring containing one or more heteroatoms 

when m#0; or 

10 R9 and R2 taken together form a heterocyclic ring containing 3-7 carbon 
atoms and one or more heteroatoms when m^O; or 
RlO and R2 taken together form a heterocyclic ring containing 3-7 carbon 

atoms and one or more heteroatoms; 
RlO and A taken together form a heterocyclic ring containing 3-7 carbon 
15 atoms and one or more heteroatoms; or 

Rll and R12 are independently hydrogen , C1-C6 alkyl, substituted 
C1-C6 alkyl, aryl, substituted aryl, aralkyl, substituted 
aralkyl, a carbocyclic ring of 3-7 atoms or a substituted 
carbocyclic ring containing 3-7 atoms; 
20 Ri 1 and R12 taken together can form an optionally substituted ring of 3-7 
atoms; 

Rl3 is hydrogen, OH, NR7R8, NRnS02(Ci-C6 alkyl), 

NRnS02(substituted C1-C6 alkyl), NRnS02(aryl), 
NRnS02(substituted aryl), NRnS02(Ci-C3 perfluoroalkyl); 

25 S02NRn(Ci-C6 alkyl), SO2NR1 ^substituted C1-C6 alkyl), 

S02NRn(aryl), S02NRn(substituted aryl), S02NRn(Ci-C3 
perfluoroalkyl); S02NRn(C(0)Ci-C6 alkyl); S02NRn(C(0)- 
substituted C1-C6 alkyl); S02NRn(C(0)-aryl); 
S02NRn(C(O)-substituted aryl); S(0) n (Ci-C6 alkyl); S(0) n 

30 ( substituted C1-C6 alkyl), S(0) n (aryl), S(0) n (substituted 

aryl), C1-C3 perfluoroalkyl, C1-C3 perfluoroalkoxy, C1-C6 
alkoxy, substituted C1-C6 alkoxy, COOH, halogen, NO2 or 
CN; 
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Rl4 and R15 are independently hydrogen, C3.-C6 alkyl, substituted C1-C6 
alkyl, C2-C6 alkenyl, substituted C2-C6 alkenyl, CN, nitro, 
C1-C3 perfluoroalkyl, C1-C3 perfluoroalkoxy, aryl, 
substituted aryl, aralkyl, substituted aralkyl, RllO(CH2)p-, 
5 RllC(0)0(CH 2 ) p -, RllOC(0)(CH2)p-, -(CH2) p S(0)nRl7, 

-(CH2)pC(0)NRnRi2 or halogen; wherein R17 is hydrogen, 
C1-C6 alkyl, C1-C3 perfluoroalkyl, aryl or substituted aryl; 
Rl6 is hydrogen, C1-C6 alkyl, substituted C1-C6 alkyl, or 
N(RnRi2); 

10 Ri8 is hydrogen, C1-C6 alkyl, substituted C1-C6 alkyl, C(0)OR9, 
C(0)NRnRi2, C(0)Rn, S(0)nRli; 
Rl9 is either the definition of R13 or R14; 

X is hydrogen, halogen, N, 0, S(0) n , C(O), (CRnRi2) p ; C2-C6 

alkenyl, substituted C 2 -C6 alkenyl,C2-C6 alkynyl, or 
15 substituted C2-C6 alkynyl; when X is hydrogen or halogen, 

R7 and Rs are absent; when X is O, S(0)n, C(O), or CR11R12 
only R7 or Rs is possible; 

Zis O, S, orNRn; 

m is 0-3; 
20 n is 0-2; 

p is 0-4; and 

the alkyl, alkenyl and alkynyl substituents are selected from 
C1-C6 alkyl, C3-C7 cycloalkyl, aryl, substituted aryl, aralkyl, 
substituted aralkyl, hydroxy, oxo, cyano, C1-C6 alkoxy, 
25 fluoro, C(0)ORn ) aryl C1-C3 alkoxy, substituted aryl C1-C3 

alkoxy, and the aryl substituents are as defined for R3, R4 
and R5; 

or a pharmaceutically acceptable addition salt and/or hydrate thereof, or 
where applicable, a geometric or optical isomer or racemic mixture 
30 thereof. 

Unless otherwise stated or indicated, the following 
definitions shall apply throughout the specification and claims. 

When any variable (e.g., aryl, heterocycle, Ri, etc.) occurs 
more than one time in any constituent or in formula I, its definition on 
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each occurrence is independent of its definition at every other 
occurrence. Also, combinations of substituents and/or variables are 
permissible only if such combinations result in stable compounds. 

The term "alkyl" is intended to include both branched- 
5 and straight-chain saturated aliphatic hydrocarbon groups having the 
specified number of carbon atoms, e.g., methyl (Me), ethyl (Et), propyl, 
butyl, pentyl, hexyl, heptyl, octyl, nonanyl, decyl, undecyl, dodecyl, and 
the isomers thereof such as isopropyl (i-Pr), isobutyl (i-Bu), secbutyl 
(s-Bu), tertbutyl (t-Bu), isopentane, isohexane, etc. 
10 The term "aryl" includes phenyl and naphthyl. In a 

preferred embodiment, aryl is phenyl. 

The term "halogen" or "halo" is intended to include 
fluorine, chlorine, bromine and iodine. 

As used herein, the term "composition" is intended to 
15 encompass a product comprising the specified ingredients in the 
specified amounts, as well as any product which results, directly or 
indirectly, from combination of the specified ingredients in the specified 
amounts 

It is intended that the connecting group A can be bonded to 
20 any of the available carbon or heteroatoms of the heteroaromatic groups 
Rl, including both rings of the benzo-fused heterocyclic groups and, 
likewise, R13, R14, and R15 can be bonded to any of the available carbon 
atoms of the heteroaromatic groups Ri. 

In addition, it is well known to those skilled in the art that 
25 many of the foregoing heterocyclic groups can exist in more than one 
tautomeric form. It is intended that all such tautomers be included 
within the ambit of this invention. 

The optical isomeric forms, that is mixtures of enantiomers 
or diasteromers, e.g., racemates, as well as individual enantiomers or 
30 diastereomers of the instant compound are included. These individual 
enantiomers are commonly designated according to the optical rotation 
they effect by the symbols (+) and (-), (L) and (D), (1) and (d) or 
combinations thereof. These isomers may also be designated according 
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to their absolute spatial configuration by (S) and (R), which stands for 
sinister and rectus, respectively. 

The individual optical isomers may be prepared using 
conventional resolution procedures, e.g., treatment with an appropriate 
5 optically active acid, separating the diastereomers and then recovering 
the desired isomer. In addition, the individual optical isomers may be 
prepared by asymmetric synthesis. 

Additionally, a given chemical fomula or name shall 
encompass pharmaceuticaly acceptable addition salts thereof and 
10 solvates thereof, such as hydrates. 

The compounds of the present invention, while effective 
themselves, may be formulated and administered in the form of their 
pharmaceutically acceptable addition salts for purposes of stability, 
convenience of crystallization, increased solubility and other desirable 
15 properties. 

The compounds of the present invention may be 
administered in the form of pharmaceutically acceptable salts. The 
term "pharmaceutically acceptable salt" is intended to include all 
acceptable salts Examples of acid salts are hydrochloric, nitric, sulfuric, 

20 phosphoric, formic, acetic, trifluoroacetic, propionic, maleic, succinic, 
malonic, methanesulfonic, benzenesulfonic and the like which can be 
used as a dosage form for modifying the solubility or hydrolysis 
characteristics or can be used in sustained release or pro-drug 
formulations. Depending on the particular functionality of the 

25 compound of the present invention, pharmaceutically acceptable salts of 
the compounds of this invention include those formed from cations such 
as sodium, potassium, aluminum, calcium, lithium, magnesium, zinc, 
and from bases such as ammonia, ethylenediamine, N-methyl- 
glutamine, lysine, arginine, ornithine, choline, N,N'-dibenzyl- 

30 ethylenediamine, chloroprocaine, diethanolamine, procaine, N- 

benzylphenethylamine, diethylamine, piperazine, tris(hydroxymethyl) 
aminomethane, and tetramethylammonium hydroxide. These salts 
may be prepared by standard procedures, e.g. by reacting a free acid 
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